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(54) Anti reflection coating and optical element using the same 

(57) An anttref lection coating has at least a first layer U * a 1 

constitute(d by a coating with refractivity of n^ and optical 1 5 ♦ 1 

thickness of which is provided on a substantially 
transparent substrate with refractivity of ng, and a sec- 
ond layer constituted by a SlOg coating with optical 
thickness of which is provided on the first layer, 

wherein the Hq, n^, d^ and dg satisfy the following 
conditions: 



1.42<no<1.53, 
1.95<n^<2.35, 0.40A,<d^<0.44A,, 

and 



1 2 



0.40>L<d2<0.44A., 

wherein the central wavelength of light to be prevented 
from being reflected is X. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to an anti reflection coating to be coated on an optical connponent, and an optical 
element such as a lens, prism, optical fiber and optical waveguide comprising the antlref lection coating. 

10 Related Art of the invention 

[0002] A technique in which the surface of an optical component such as a lens is treated to provide antlreflection 
properties has been known since long ago. By conducting the treatment for providing antireflectlon properties, optical 
losses can be alleviated and noises caused by reflected light can be reduced. 
15 [0003] If the refractivity of a substrate, and the optical wavelength and Incident angle of light to be prevented from 
being reflected are known, the structure of an antirefiection coating (having some one to four layers) for reducing 
reflectance level to 0 can be theoretically determined (See, for example, Optic/Thin Film Coating Technical Manual, p. 
242, Optronics Co., Ltd.). Furthermore, the entire disclosure of the above document is incorporated herein by reference 
In its entirety. 

20 [0004] Thereby, the reflectivity and thickness of each layer for reducing reflectance level to almost 0 can be design- 
ingly specified. If such a coating structure is faithfully achieved by a process for forming a thin film coating, an ideal 
antirefiection coating can be obtained from a viewpoint of performance. 

[0005] For achieving an antirefiection coating with reflectance of 0.5% or lower or so, a vacuum coating .or sputtering 
process enabling thickness to be adjusted accurately and ensuring reproducibility of refractivity, or a coating process 
25 for forming a thin film coating based on the above process is the most suitable as a production process. 
[0006] Such a theoretically determined coating structure has been previously well Icnown. 

[0007] However, the number of thin film coating materials capable of being used on a practical basis Is in fact limited, 
and consequently refractivity applicable in the coating structure is confined within narrow limits. 

[0008] For an antirefiection coating constituted by a single layer, for example, theoretical reflectance for vertically 
■30 incident light will be equal to 0 if the refractivity is the square root of that of the substrate, and the optical thickness 
equals one quarter of a desired wavelength . In the case where a general-purpose glass (refractivity: 1 .5) is used as 

an optical material, a thin film coating with refractivity of about 1 .2 is needed. 

[0009] However, even MgF^ having minimum possible refractivity for practical use as a thin film coating of single 
layer provides refractivity of about 1.38 as actual refractivity, and if it is used for an antirefiection coating, reflection 
35 with a reflectance level of about 1 .3% will occur. Such a single layer coating cannot be practically used because a 
reflectance level of at least 1% or lower, preferably 0.5% or lower is required for applications of optical products such 
as optical communication devices or optical discs. 

[0010] On the other hand, in the case where the antirefiection coating Is formed with two or more coatings, a desired 
reflectance level can be obtained, but the following problems will be encountered because two or more types of coating 

40 materials are required, and the number of coating layers is increased. 

[0011] Figure 14 shows a typical structure of an antirefiection coating constituted by three layers. A first layer 141 
with refractivity of 1 .7 and optical thickness of 0.25?i {X denotes a central wavelength), a second layer 1 42 with refrac- 
tivity of 2.0 to 2.2 and optical thickness of 0.5:^, and a third layer 143 with refractivity of 1 .38 and optical thickness of 
0.25Xare provided on a glass 140 one after another. 

45 [0012] If about three layers are formed as coating layers, three or more types of materials should be used, and 
coating conditions during production are different for each material, and therefore production based variations in prop- 
erties, namely variations In thickness and refractivity for each layer will be increased unless conditions are sufficiently 
stabilized for each material. 

[001 3] I n the case where the antirefiection coating is formed with a p lurality of coatings, optimum values are calculated 
50 in advance for the thickness and refractivity for each layer, and then an adjustment is made so that the conditions for 
each coating are close to these optimum values, but a desired reflectance level cannot be obtained due to property 
variations, thus making it difficult to obtain a desired antirefiection coating, leading to a drop in yield. 

SUMMARY OF THE INVENTION 

55 

[0014] Thus, the present invention has its object provision of an antirefiection coating having a reflectance level of 
1% or lower or 0.5% or lower, and allowing the yield during production to be enhanced in anticipation of variations in 
property, and an optical element comprising such an antirefiection coating. 
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[0015] The 1st Invention of the present invention (corresponding to claim 1) is an antlref lection coating comprising 
at least a first layer constituted by a coating with refractivity of n-j and optical thickness of d-| which is provided on a 
substantially transparent substrate with refractivity of no, and a second layer constituted by a SIO2 coating with optical 
thickness of dg which is provided on the first layer, 
5 wherein said nQ, n^ , and 62 satisfy the following conditions: 

1.42<no<1.53, 

1.95<ni<2.35, 0.40X<d-,<0.44X, and 

0.401<d2<0.44X, 

wherein the central wavelength of light to be prevented from being reflected is X. 
10 [0016] The 2nd invention of the present invention (corresponding to claim 2) is an antireflection coating comprising 
at least a first layer constituted by a coating with refractivity of n^ and optical thickness of d^ which is provided on. a 
substantially transparent substrate with refractivity of no, and a second layer constituted by a MgFg coating with optical 
thickness of 62 which is provided on the first layer, 

wherein said ng, n-|, d^ and 62 satisfy the following conditions: 
15 1 .42<no<1 .53, 

1.95<n^<2.35, 0.42A:<di<0.46X, and 
0.17A.<d2<0.19X, 

wherein the central wavelength of light to be prevented from being reflected is A,. 

[0017] The 3rd invention of the present invention (corresponding to claim 3) is an antireflection coating comprising 
20 at least a first layer constituted by a Si02 coating with optical thickness of d^ which Is provided on a substantially 
transparent substrate with refractivity of Hq, a second layer constituted by a coating with refractivity of n2 and optical 
thickness of d2 which is provided on the first layer, and a third layer constituted by a SiOg coating with optical thickness 
of dg which Is provided on the second layer, 

wherein said no, d.|, Hg, d2 and d3 satisfy the following conditions: 
25 1.42<no<1.53, 

0.06X.<di<0.07X, 

1.95<n2<2.35, 0.41?L<d2<0.45A,, and 
0.16?L<d3<0.18A., 

wherein the central wavelength of light to be prevented from being reflected is A.. 
30 [0018] The 4th invention of the present invention (corresponding to claim 4) is an antireflection coating comprising 
at least a first layer constituted by a MgF2 coating with optical thickness of di which is provided on a substantially 
transparent substrate with refractivity of no, a second layer constituted by a coating with refractivity of n2 and optica! 
thickness of dg which is provided on the first layer, and a third layer constituted by a MgF2 coating with optical thickness 
of d3 which is provided on the second layer, ^ 
35 wherein said n^, d^, Hg, dg and d3 satisfy the following conditions: / 

1.42<no<1 .53, 
0.05X.<d^<0.07X., 

1.95<n2<2.35, 0.43?L<d2<0.46A., and 
0.16I<d3<0.19X, 

40 wherein the central wavelength of light to be prevented from being reflected is X. 

[0019] The 5th Invention of the present invention (corresponding to claim 5) is an antireflection coating comprising 
at least a first layer constituted by a coating with refractivity of n^ and optical thickness of d^ which is provided on a 
substantially transparent substrate with refractivity of no, a second layer constituted by a SlOg coating with optical 
thickness of d2 which is provided on the first layer, third layer constituted by a coating with refractivity of n3 and optical 
45 thickness of dg which is provided on the second layer, and a fourth layer constituted by a SlOg coating with optical 
thickness of d4 which is provided on the third layer, 

wherein said Dq, n^, d^, dg, n3, d3 and satisfy the following conditions: 
1.42<no<1 .53, 

i.95<ni<2.35, 0.08X<d-,<0.11 A,, 
50 0.06X^d2<0.07X, 

1 .95<n3<2.35, 0.24X<d3<0.265L, and 

0.24A<d4<0.26X,, 

wherein the central wavelength of light to be prevented from being reflected is X. 

[0020] The 6th invention of the present invention (corresponding to claim 6) is an antireflection coating comprising 
55 at least a first layer constituted by a coating with refractivity of n-i and optical thickness of d^ which is provided on a 
substantially transparent substrate with refractivity of Hq, a second layer constituted by a MgF2 coating with optical 
thickness of d2 which is provided on the first layer, third layer constituted by a coating with refractivity of and optical 
thickness of d3 which is provided on the second layer, and a fourth layer constituted by a MgF2 coating with optical 
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thickness of d4 which is provided on the third layer, 

wherein said no, n-j, d^, 62, 6^ and d4 satisfy the following conditions: 

1.42<no<1.53, 

1 .95<n-i<2.35, 0,1 1 X<d-|<0.1 s;^, 
5 0.051<d2<0.06A., 

1 .95<n3<2.35, 0.23A,<d3<0.25A., and 
0.25X<d4<0.27X, 

wherein the central wavelength of light to be prevented from being reflected is X. 

[0021] The 7th Invention of the present invention (corresponding to claim 7) is the antiref lection coating according 
10 to any of 1st, 3rd and 5th inventions, wherein the layers other than those constituted by SiOg coatings are constituted 

by any of TiOg, TagOg, Zr02 and ZnS or combinations thereof. 

[0022] The 8th invention of the present invention (corresponding to claim 8) is the antireflection coating according 
to any of 2nd, 4th and 6th inventions, wherein the layers other than those constituted by MgF2 coatings are constituted 
by any of TiOg, Ta205, Zr02 and ZnS or combinations thereof. 

15 [0023] As described above, for solving the problems, the present Invention provides an antireflection with two to four 
layers formed therein using only two types of coating materials capable of being used on a practical basis. It achieves 
a reflectance level of 0.5% or lower, allows the yield to be enhanced, and facilitates production. 
[0024] The 9th invention of the present Invention (corresponding to claim 9) is: an optical element comprising the 
antireflection coating according to any of 1st to 8th inventions and said substantially transparent substrate with refrac- 

20 tivity of nQ corresponding to the antireflection coating. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] 

25 ■.. ■ . ; r • . ■ 

Figure 1 is a schematic sectional view of an antireflection coating in Embodiment 1 of the present Invention. 
Figure 2 is a schematic view of a typical vacuum coater for use in formation of coatings. 

Figure 3 shows the reflectance spectral property of the antireflection coating in Embodiment 1 of the present 
invention. 

30 Figure 4 is a schematic sectional view of the antireflection coating in Embodiment 2 of the present invention. 

Figure 5 shows the reflectance spectral property of the antireflection coating in Embodiment 2 of the present 

invention. 

Figure 6 is a schematic sectional view of the antireflection coating in Embodiment 3 of the present invention. 
Figure 7 shows the reflectance spectral property of the antireflection coating In Embodiment 3 of the present 

35 invention. 

Figure 8 is a schematic sectional view of the antireflection coating in Embodiment 4 of the present invention. 
Figure 9 shows the reflectance spectral property of the antireflection coating in Embodiment 4 of the present 
invention. 

Figure 1 0 is a schematic sectional view of the antireflection coating in Embodiment 5 of the present invention. 
40 Figure 11 shows the reflectance spectral property of the antireflection coating In Embodiment 5 of the present 

invention. 

Figure 12 Is a schematic sectional view of the antireflection coating in Embodiment 6 of the present Invention. 
Figure 13 shows the reflectance spectral property of the antireflection coating in Embodiment 6 of the present 
invention. 

45 Figure 14 is a schematic sectional view of a conventional typical antireflection coating. 

Description of Symbols 
[0026] 

50 

10, 40, 60, 80, 100, 120 ... Lens 

11, 41, 61, 81, 101. 121 ... First layer 

12, 42, 62. 82, 102, 122 ... Second layer 
63, 83. 103, 123 ... Third layer 

55 104, 124 ... Fourth layer 
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PREFERRED EMBODIMENTS OF THE INVENTION 

[0027] The present invention will be described below referring to the drawings. 
5 (Embodiment 1) 

[0028] Embodiment 1 in the present Invention will be described with reference to the drawings. 
[0029] Figure 1 is a sectional view of an antirefiection coating provided on the surface of a lens 1 0 corresponding to 
a substantially transparent substrate with refractivlty of ho of the present invention. The coating structure is very simple, 
10 and the productivity Is enhanced. 

[0030] BK7 (with wavelength of 151 0 nm and refractivlty of 1 .50) is used as a base material for the lens 10, and is 
provided thereon with a multi-layer coating constituted by a first layer 11 and second layer 12 shown In Table 1 . 



[Table 1] 



Constitution 


Materials 


Refractivlty 


Thickness(nm) 


Optical thickness(nm) 


Second layer 1 2 


Si02 


1.44 


183 


264 


First layer 11 


Ti02 


2.20 


292 


642 


Lens 10 


BK7 


1.50 







20 ■ ... 

[0031] One example of methods for forming the multi-layer coating shown in Table 1 will be described below. 
[0032] The coating is formed using a vacuum coater as shown In Figure 2. 

[0033] Afterthe lens is cleaned, the lens is set in a predetermined position in the vacuum coater, and air is evacuated. 
The temperature of the lens is controlled by a heater so that it is kept at 300°C while air is evacuated. After a vacuum 
25 is produced, TiOg and SiOg as coating materials are alternately heated and molten to conduct vacuum coating. At this 
time, thickness control and control of coating rates for each layer may be carried out using a quartz sensor, optical 

interi'ace type thickness sensor (not shown) or the like. 

[0034] Figure 3 shows dependency of reflectance on wavelengths when light Is vertically let in, with respect to the 
antirefiection coating constituted by the first layer 11 and second layer 12 of Table 1 . 
30 [0035] As shown in Figure 3, the reflectance level is 0.5% or lower when the wavelength is in the range of 1460 to 
1570 nm. This reflectance level is low enough to ensure the practical use of the antirefiection coating. In particular, the 

reflectance level is 0.05% or lower at a wavelength of 1510 nm. 

[0036] The antirefiection coating of Embodiment 1 is highly reliable because TiOg and SiOg having excellent chemical 
durability and mechanical strength are used as coating materials. Properties of samples made on an experimental 
35 basis were evaluated before and afterthey were subjected to heat shock tests at 80°C and -20°C and high temperature/ 
humidity tests at 85°C and 95% RH, and as a result, it has been found that neither appearances nor optical properties 
of coatings were changed. 

[0037] This is due to the fact that for the antirefiection coating of the present invention, internal stresses generating 
in the coating can be neutralized using predetermined tried-ar^d-true materials and predetermined thickness. Further- 
"^0 more, It is more desirable that the substrate is heated during formation of the coating as in this embodiment from a 
viewpoint of reliability, but It Is also possible to coat the substrate at a normal temperature, and coatings can be applied 
to lenses made of plastic as well as various kinds of glass based lenses. 

[0038] As described above, the antirefiection coating of Embodiment 1 is excellent in optica! property and reliability, 
and has only a small number of layers with two types of materials to reduce costs, and therefore if this coating is applied 
^5 to optical components such as lenses, prisms, fibers and optical waveguides, very useful optical elements can be 
obtained. 

[0039] In addition, the process for forming a coating is not limited to a vacuum coating process, and for example, a 

spattering process may be used. 

[0040] As a result of more elaborate examinations, in the present invention, it has been found that even for a structure 
50 other than the structure described in this embodiment, a similar antirefiection effect can be expected if the refractivlty 
no of the lens 1 0 Is in the range of 1 .42 to 1 .53, the refractivlty n^ of the first layer 11 is In the range of 1 .95 to 2.35, the 
optical thickness d^ of the first layer 11 Is in the range of 0.40X, to OAAX and the optical thickness ds of Si02 of the 
second layer 12 is in the range of 0.17 to 0.1 wherein the central wavelength is X (nm) (A,=1510 nm for this 
embodiment) . For one specific example of the lens, Model No. S-FPL53 (refractivlty of 1.43 at a wavelength of 1530 
55 nm) manufactured by Ohara Co., Ltd. or Model No. S-BAL53 (refractivlty of 1 .52 at a wavelength of 1530 nm) manu- 
factured by the same company may be used. 

[0041] In Table 2 is shown as one example the reflectance level of the antirefiection coating when the thickness of 
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the first layer 11 and second layer 12 is changed in the case where the refractivity of the lens 10 is 1 .50 (BK7), the first 
layer 11 provided on the lens 10 is a layer of Ti02 with refractivity of 2.20, and the second layer 12 is a layer of Si02 
with refractivity of 1 .44. 

5 [Table 2] 



no=1. 50(BK7) 
ni-2. 20(TiO2) 
n2-1. 44(Si02) 
>L=1510nm 




0. 40 X 


0. 40 X 


0. 44 X 


0. 44 X 


0. 38 X 


0. 38 X 


d2 


,o.^7X 


0. 18 X 


0. 17 X 


0. 18 A. 


0. 17X 


0. 18 A. 


Refrectance(%) 


0.48 


0.36 


0.09 


0.16 


1.38 


1.08 


di 


0. 46 X 


0. 46 X- 


0. 40 X 


0. 44 X 


0. 40 X. 


0. 44X, 


d2 


0.^7X 


0. 18 X, 


0. 16 X 


0. 16X 


0. 19 X 


0. 19X 


Refrectance(%) 


0.62 


0.7 


0.75 


0.11 


0.38 


0.32 



20 [0042] As shown in Table 2, it can be understood that when the thickness d-j of the first layer 11 is in the range of 
0,40X,to 0.44X,, and the thickness d2 of the second layer 12 is In the range of 0.17A, to 0.1 8A, the reflectance level Is 
equal to or lower than 0.5%, thus making it possible to obtain an excellent anti reflection effect. Furthermore, a similar 
effect can be obtained as long as the refractivity of the first layer 1 1 is in the range of 1 .95 to 2.35 even if it takes on a 

value other than 2.20. 

25 [0043] This also reflects the following concept. That is, the values of thicknesses d-, and d2 giving a reflectance level 
of 0.5% or lower have certain ranges, and therefore if d^ is set to 0.42A. and dg is set to Q.175X as optimum values for 
production, for example, the resulting coating can provide a sufficient antireflection effect even if the thickness d-| suffers 
production based variations of ±0.01 X and the thickness d2 suffers production based variations of ±0.005X. 
[0044] When the coating is produced based on a conventional technique, the thicknesses d^ and d2 satisfying ap- 

30 propriate conditions as to the reflectance level must be defined as a unique pair of optimum values giving the best 
reflectance level, and thus an antireflection coating with layer thickness deviating from the defined values may be 
considered as a defective item even if the deviation from the optimum value Is very small, resulting in a drop in yield 
during production. 

[0045] In this embodiment, however, conditions for thickness with respect to an optimum value of reflectance are 
55 defined as certain ranges of values, whereby the coating can be produced in anticipation of variations in thickness 
during production, resulting in enhanced yields during production. 

[0046] Furthermore, in this embodiment, the case where a wavelength of 151 0 nm is applied has been described, 
but an antireflection coating having same optical properties can be obtained with any wavelength if optical thickness 
is increased or decreased in proportion to the wavelength with absorptivity and ref ractivity kept unchanged. ForTi02 

40 and Si02, absorptivity is kept at almost 0 through the visible region to the near infrared region, and the magnitude of 
dispersion of refractivity by wavelengths is small, thus making it possible to obtain an antireflection coating reflecting 
light through the visible region to the near infrared region only by changing thickness depending on wavelengths. 
[0047] In addition, TiOg is used as a coating material for the first layer 11 in this embodiment, but the first layer 11 
may be formed using any of Ti02, TagOg, Zr02 and ZnS or a material constituted by a combination thereof, and in this 

45 case, an antireflection coating having a similar function can be obtained. 

(Embodiment 2) 

[0048] Embodiment 2 In the present invention will be described with reference to the drawings. 
50 [0049] Figure 4 Is a sectional view of an antireflection coating provided on the surface of a lens corresponding to a 
substantially transparent substrate with refractivity of ho of the present invention 40. The coating has a very simple 
structure, and the productivity enhanced. 

[0050] BK7 (with refractivity of 1 .50) Is used as a base material for the lens 40, and is provided thereon with a multi- 
layer coating constituted by a first layer 41 and second layer 42 shown in Table 3. 

55 
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[Table 3] 



Constitution 


Materials 


Refractlvity 


Thickness(nm) 


Optical thickness(nm) 


Second layer 42 


MgF2 


1.37 


196 


268 


First layer 41 


TiOg 


2.20 


302 


665 


Lens 40 


BK7 


1.50 







[0051] The method for forming the multi-layer coating of Table 3 is not described here because it is almost same as 
'^0 the method described In Embodiment 1 . 

[0052] Figure 5 shows dependency of reflectance on wavelengths when light Is vertically let in, with respect to the 
antireflectlon coating constituted by the first layer 41 and second layer 42 of Table 3. 

[0053] As shown in Figure 5, the reflectance level is 0.5% or lower when the wavelength is in the range of from 1450 
to 1560 nm. This reflectance level is low enough to ensure the practical use of the antireflectlon coating. In particular, 

^5 the reflectance level is 0.05% or lower at a wavelength of 1 51 0 nm. 

[0054] The antireflectlon coating of Embodiment 2 is highly reliable because TO2 and MgF2 having excellent chemical 
durability and mechanical strength are used as coating materials. Properties of samples made on an experimental 
basis were evaluated before and after they were subjected to heat shock tests at BCC and -20°C and high temperature/ 
humidity tests at SS'^C and 95% BH, and as a result, it has been found that neither appearances nor optical properties 

20 of coatings were changed. This is due to the fact that for the antireflectlon coating of the present invention, internal 
stresses generating in the coating can be neutralized using predetermined tried-and-true materials and predetermined 
thickness. Furthermore, it is more desirable that the substrate is heated during formation of the coating as in this 
embodiment from a viewpoint of reliability, but it is also possible to coat the substrate at a normal temperature, and 
coatings can be applied to lenses made of plastic as well as various kinds of glass based ienses; 

25 [0055] As described above, the antireflectlon coating of Embodiment 2 is excellent in optical property and reliability, 
and has only a small number of layers with two types of materials to reduce costs, and therefore if this coating Is applied 
to optica! components such as lenses, prisms, fibers and optical waveguides, very useful optical elements can be 
obtained. 

[0056] In addition, the process for forming a coating is not limited to a vacuum coating process, and for example, a 

30 spattering process may be used. 

[0057] As a result of more elaborate examinations , in the present invention, it has been found that even for a structure 
other than the structure described in this embodiment, a similar anttreflection effect can be expected if the refractivity 
Uq of the lens 40 is in the range of 1 .42 to 1 .53, the refractivity n^ of the first layer 41 is In the range of 1 .95 to 2.35, 
the optical thickness d^ of the first layer 41 is in the range of 0.42A. to 0.46X and,- the optical thickness da of MgFg of 

55 the second layer 42 is in the range of 0.17 to 0.191, wherein the central wavelength is X (nm) (X,=1510 nm for this 
embodiment) . For one specific example of the lens, Model No. S-FPL53 (refractivity of 1 .43 at a wavelength of 1530 
nm) manufactured by Ohara Co., Ltd. or Model No. S-'BAL53 (refractivity of 1 .52 at a wavelength of 1530 nm) manu- 
factured by the same company may be used. 

[0058] In Table 4 is shown as one example the reflectance level of the antireflectlon coating when the thickness of 
40 the first layer 41 and second layer 42 is changed in the case where the refractivity of the lens 40 is 1 .50 (BK7), the first 
lay 41 provided on the lens 40 is a layer of TiOg with refractivity of 2.20, and the second layer 42 is a layer of MgF2 
with refractivity of 1 .37. 



[Table 4] 



50 



55 



no-1 . 50(BK7) 
n^=2 . 20(TiO2) 
n2=1 . 37(MgF2) 
X =1510nm 




0. 42X. 


0.42 A- 


0. 46 X 


0. 46 X. 


0. 40 X. 


0. 40 X. 


d2 


0. 17 A, 


0. 19 X, 


0. 17 X 


0. 19 X, 


0. 17X, 


0. 19X, 


Refrectance(%) 


0.42 


0.36 


0.17 


0.21 


1.28 


1.03 


di 


0. 48 X 


0. 48 X 


0. 42 X 


0. 46 X, 


0. 42 X 


0. 46 X. 




0. 17 X. 


0. 19 X, 


0. 16 X 


0. 16 X, 


0. 20 X 


0. 20 X, 


Refrectance(%) 


0.81 


0.74 


0.61 


0.24 


0.49 


0.31 
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[0059] As shown in Table 4, it can be understood that when the thickness d^ of the first layer 41 is In the range of 
0.42A, to 0.46X., and the thickness dg of the second layer 42 is In the range of 0.1 7A, to 0.1 9A,, the reflectance level is 
equal to or lower than 0.5%, thus making it possible to obtain an excellent antireflection effect. Furthernnore, a similar 
effect can be obtained as long as the refractivity of the first layer 41 is in the range of 1 .95 to 2.35 even if it takes on 

5 a value other than 2.20. 

[0060] This also reflects the following concept. That is, the values of thicknesses d., and dg giving a reflectance level 
of 0.5% or lower have certain ranges, and therefore if d-| is set to 0A4X and dg is set to 0.1 8X as optimum values for 
production, for example, the resulting coating can provide a sufficient antireflection effect even if the thickness d-| suffers 
production based variations of +0.02X. and the thickness dg suffers production based variations of ±0.01 X.. 

10 [0061] When the coating is produced based on a conventional technique, the thicknesses d^ and dg satisfying ap- 
propriate conditions as to the reflectance level must be defined as a unique pair of optimum values giving the best 
reflectance level, and thus an antireflection coating with layer thickness deviating from the defined values may be 
considered as a defective Item even if the deviation from the optimum value is very small, resulting In a drop In yield 
during production. 

15 [0062] In this embodiment, however, conditions for thickness with respect to a optimum value of reflectance are 
defined as certain ranges of values, whereby the coating can be produced In anticipation of variations in thickness 
during production, resulting in enhanced yields during production. 

[0063] Furthermore, in this embodiment, the case where a wavelength of 1510 nm is applied has been described, 
but an antireflection coating having same optical properties can be obtained with any wavelength if optical thickness 

20 is increased or decreased in proportion to the wavelength with absorptivity and refractivity kept unchanged. For TiOg 
and MgFg, absorptivity is kept at ainrjost 0 through the visible region to the near infrared region, and the magnitude of 
dispersion of refractivity by wavelengths Is small., thus making it possible to obtain an antireflection coating reflecting 
light through the visible region to the near infrared region only by changing thickness depending on wavelengths. 
[0064] In addition, TiOg is used as a coating material for the first layer 41 in this embodiment, but the first layer 41 

25 may be formed using any of TiOg, TagOg, ZrOg and ZnS or a material constituted by a combination thereof, and in this 
case, an antireflection coating having a similar function can be obtained. 

(Embodiment 3) 

30 [0065] Embodiment 3 in the present invention will be described with reference to. the drawings. 

[0066] Figure 6 is a sectional view of an antireflection coating provided on the surface of a lens 60 corresponding to 
a substantially transparent substrate with refractivity of ho of the present Invention. The coating has a very simple 
structure, and the productivity is enhanced. 

[0067] BK7 (with refractivity of 1 .50) is used as a base material for the lens 60, and Is provided thereon with a multi- 
35 layer coating constituted by a first layer 61 , second layer 62 and third layer 63 shown in Table 5. 



[Table 5] 



Constitution 


Materials 


Refractivity 


Thickness(nm) 


Optical thickness(nm) 


Third layerSS 


SiOg 


1.44 


182 


261 


Second layer 62 


TiOg 


2.20 


295 


649 


First layer 61 


SlOg 


1.44 


63 


91 


Lens 60 


BK7 


1.50 







[0068] The method for forming the multi-layer coating of Table 5 Is not described here because It is almost same as 

the method described in Embodiment 1 . 

[0069] Figure 7 shows dependency of reflectance on wavelengths when light Is vertically let in, with respect to the 
antireflection coating constituted by the first layer 61 , second layer 62 and third layer 63 of Table 5. 
[0070] As shown in Figure 7, the reflectance level is 0.5% or lower when the wavelength Is In the range of from 1 460 
to 1570 nm. This reflectance level is low enough to ensure the practical use of the antireflection coating. In particular, 
the reflectance level Is 0.05% or lower at a wavelength of 1510 nm. 

[0071] The antireflection coating of Embodiment 3 is highly reliable because Ti02 and SIO2 having excellent chemical 
durability and mechanical strength are used as coating materials. Properties of samples made on an experimental 
basis were evaluated before and after they were subjected to heat shock tests at 80°C and -20°C and high temperature/ 
humidity tests at 85°C and 95% RH, and as a result, It has been found that neither appearances nor optical properties 
of coatings were changed. This Is due to the fact that for the antireflection coating of the present invention, internal 
stresses generating in the coating can be neutralized using predetermined tried-and-true materials and predetermined 
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thickness. Furthermore, it is desirable that the substrate is heated during formation of the coating as in this embodiment 
from a viewpoint of reliability, but it is also possible to coat the substrate at a normal temperature, and coatings can 
be applied to lenses made of plastic as well as various kinds of glass based lenses. 

[0072] As described above, the antireflection coating of the Embodiment 3 is excellent in optical property and relia- 
5 bility, and has only a small number of layers with two types of materials resulting in inexpensiveness, and therefore if 
this coating is applied to optical components such as lenses, prisms, fibers and optical waveguides, very useful optical 
elements can be obtained. 

[0073] In addition, the process for forming a coating is not limited to a vacuum coating process, and for example, a 
spattering process may be used. 

10 [0074] As a result of more detailed considerations, In the present Invention, It has been found that even for a structure 
other than the structure described in this embodiment, a similar antireflection effect can be expected if the refractivity 
no of the lens 60 is in the range of 1 .42 to 1 .53, the optical thickness d-, of SiOg of the first layer 61 is in the range of 
0.06?Lto 0.07X, wherein the central wavelength is X (nm) (X= 1510 nm for this embodiment), the refractivity n2 of the 
second layer 62 is In the range of 1 .95 to 2.35, the optical thickness 62 of the second layer 62 is In the range of 0.41 X 

15 to 0A5X and the optical thickness of Si02 of the third layer 63 Is in the range of 0.16 to 0.1 For one specific 
example of the lens, Model No. S-FPL53 (refractivity of 1 .43 at a wavelength of 1530 nm) manufactured by Ohara Co., 
Ltd. or Model No. S-BAL53 (refractivity of 1 .52 at a wavelength of 1530 nm) manufactured by the same company may 
be used. 

[0075] In Table 6 is shown as one example the reflectance level of the antireflection coating when the thicknesses 
20 of the first layer 61 , second layer 62 and third layer 63 are changed in the case where the refractivity of the lens 60 is 
1.50 (BK7), the first lay 61 and third layer 63 provided on the lens 60 are layers of SiOg with refractivity of 1.44, and 
the second layer 62 is a layer of TiOg with refractivity of 2.20. 



[Table 6] 



35 



40 



45 



50 



no=1 . 50(BK7) : 
n2=2 . 20(TiO2) 
n^=n3=1 . 44(Si02) 
X=1510nm 




0. 06 X 


0. 06 X 


0. 06 X 


0. 06 A. 


0. 07 A, 


0. 07 A. 


0. 07 X 


0. 07 A, 




0. 41 X 


0. 41 X 


0. 45 A, 


0. 45 A, 


0. 41 A, 


0. 41 A. 


0. 45 A, 


0.45 A, 


da 


0. 16 A, 


0.1&X 


0. 16 A, 


0. 18 A, 


0. 16 A, 


0. 18 A. 


0. 16 X 


0. 18 A. 


Refrectance(%) 


0.56 


0.29 


0.15 


0.28 


0.59 


, 0.31 


0.13 


0.28 




0. 05 X 


0. 05 X 


0. 05 A, 


0, 05 A, 


0. 08 A, 


b. 08 A, 


0. 08 X 


0. 08 X 


d2 


0. 41 X 


0. 41 X 


0. 45 A, 


0. 45 A, 


0. 41 A. 


0. 41 A, 


0. 45 A- 


0. 45 A, 


da 


o.iex 


0. 18 A. 


0. 16 A, 


0. 18 A. 


0. 16 A. 


0. 18 A, 


0. 16 A, 


0. ISA. 


Refrectance(%) 


0.54 


0.26 


0.17 


0.29 


0.61 


0.34 


0.12 


0.28 


di 


0. 06 X 


0. 06 X 


0. 06 A. 


0. 06 A, 


0. 07 X 


0. 07 A. 


0. 07 A. 


0. 07 A. 


da 


0. 39 X 


0. 39 X 


0. 47 X 


0. 47 A, 


0. 39 A. 


0; 39 A. 


0. 47 A. 


0. 47 A. 


da 


0. 16 X 


0. 18 X 


0. 16 X 


0. 18 A. 


0. ^ex 


0. 18 A. 


0. 16 A. 


0. ^&X 


Refrectance(%) 


1 .57 


0.94 


0.78 


0.93 


1.62 


0.99 


0.75 


0.92 




0. 06 X 


0. 06 X 


0. 06 A. 


0. 06 A. 


0. 07 A. 


0. 07 A. 


0. 07 A, 


0. 07 A. 


d2 


0. 41 X 


0. 41 X- 


0. 45 A- 


0. 45 A, 


0. 41 A. 


0. 41 A, 


0. 45 A, 


0. 45 A- 


da 


0.15 A. 


0. 19 X 


0. 15 A, 


0. 19 A, 


0. 15 X 


0. 19 A. 


0. 15 A, 


0. 19 A. 


Refrectance(%) 


0.91 


0.36 


0.21 


0.47 


0.93 


0.39 


0.19 


0.48 



[0076] ' As shown in Table 6, it can be understood that when the thickness d^ of the first layer 61 is in the range of 
0.06A. to 0.07A., the thickness 62 of the second layer 62 is in the range of 0.41 A, to 0.45A., and the thickness d3 of the 
third layer 63 is in the range of 0.1 6A, to 0.1 8A,, the reflectance level is equal to or lower than 0.6%, thus making it 
possible to obtain an excellent antireflection effect. Furthermore, a similar effect can be obtained as long as the refrac- 
tivity of the second layer 62 Is in the range of 1 .95 to 2.35 even If it takes on a value other than 2.20. 
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[0077] This also reflects the following concept. That is, the values of thicknesses d^, 62 and giving a reflectance 
level of 0.5% or lower have certain ranges, and therefore if d^ is set to 0.065A, and 62 is set to 0A3X and 62 is set to 
0.1 7/V, as optimum values for production, for example, the resulting coating can provide a sufficient anti reflection effect 
even if the thickness d^ suffers production based variations of +0.005X, the thickness 62 suffers production based 

5 variations of ±0.02X and the thickness da suffers production based variations of ±0.01 X.. 

[0078] When the coating Is produced based on a conventional technique, the thicknesses d.^ to dg satisfying appro- 
priate conditions as to the reflectance level must be defined as a unique pair of optimum values giving the best reflect- 
ance level, and thus an antiref lection coating with layer thickness deviating from the defined values may be considered 
as a defective Item even if the deviation from the optimum value is very small, resulting in a drop in yield during pro- 

10 duction. 

[0079] In this embodiment, however, conditions for thickness with respect to an optimum value of reflectance are 
defined as certain ranges of values, whereby the coating can be produced in anticipation of variations In thickness 
during production, resulting In enhanced yields during production. 

[0080] Furthermore, in this embodiment, the case where a wavelength of 1510 nm is applied has been described, 
15 but an antireflection coating having same optical properties can be obtained with any wavelength if optical thickness 
is Increased or decreased in proportion to the wavelength with absorptivity and refractivity kept unchanged. For Ti02 
and SiOg, absorptivity is kept at almost 0 through the visible region to the near infrared region, and the magnitude of 
dispersion of refractivity by wavelengths is small, thus making It possible to obtain an antireflection coating reflecting 
light through the visible region to the near infrared region only by changing thickness depending on wavelengths. 
20 [0081] In addition, Ti02 is used as a coating material for the second layer 62 in this embodiment, but the second, 
layer 62 may be fonned using any of TiO.g, TagOg, ZrOg and ZnS or a material constituted by a combination thereof, 
and in this case, an antireflection coating having a similar function can be obtained, . . 

(Embodiment 4) - 
25 ' ■ 

[0082] Embodiment 4 in the present invention will be described with reference to the drawings. 
[0083] Figure 8 is a sectional view of an antireflection coating provided on the surface of a lens 80 corresponding to 
a substantially transparent substrate with refractivity of hg of the present invention. The coating has a very simple 
structure, and the productivity is enhanced. 
30 [0084] BK7 (with refractivity of 1 .50) is used as a base material for the lens 80, and is provided thereon with a multi- 
layer coating constituted by a first layer 81 , second layer 82 and third layer 83 shown in Table 7. 



[Table 7] 



Constitution 


Materials 


Ref^activi^/ 


Thickness(nm) 


Optical thickness(nm) 


Third layer 83 


MgFg 


1.37 


188 


257 


Second layer 82 


TiOg 


2.20 


310 


683 


First layer 81 


MgFg 


1.37 


58 


79 


Lens 80 


BK7 


1.50 







40 

[0085] The method for forming the multi-layer coating of Table 7 is not described here because it Is almost same as 
the method described in Embodiment 1 . 

[0086] Figure 9 shows dependency of reflectance on wavelengths when light is vertically let in, with respect to the 
antireflection coating constituted by the first layer 81 , second layer 82 and third layer 83 of Table 7. 
[0087] As shown in Figure 9, the reflectance level is 0.5% or lower when the wavelength is in the range of from 1 450 
to 1560 nm. This reflectance level is low enough to ensure the practical use of the antireflection coating. In particular, 
the reflectance level is 0.05% or lower at a wavelength of 1510 nm. 

[0088] The antireflection coating of Embodiment 4 is highly reliable because Ti02 and MgF2 having excellent chemical 

durability and mechanical strength are used as coating materials. Properties of samples made on an experimental 
basis were evaluated before and after they were subjected to heat shock tests at 80° C and -20°C and high temperature/ 
humidity tests at 85°C and 95% RH, and as a result, it has been found that neither appearances nor optical properties 
of coatings were changed. 

[0089] This is due to the fact that for the antireflection coating of the present invention, internal stresses generated 
in the coating can be neutralized using predetermined tried-and-true materials and predetermined thickness. Further- 
more, it is desirable that the substrate is heated during formation of the coating as in this embodiment from a viewpoint 
of reliability, but it is also possible to coat the substrate at a normal temperature, and coatings can be applied to lenses 
made of plastic as well as various kinds of glass based lenses. 
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[0090] As described above, the antireflection coating of the Embodiment 4 is excellent in optical property and relia- 
bility, and has only a small number of layers with two types of materials resulting in inexpensiveness, and therefore if 
this coating is applied to optical components such as lenses, prisms, fibers and optical waveguides, very useful optical 
elements can be obtained. 

5 [0091] In addition, the process for forming a coating is not limited to a vacuum coating process, and for example, a 
spattering process may be used. 

[0092] As a result of more detailed considerations, in the present invention, it has been found that even for a structure 
other than the structure described in this embodiment, a similar antireflection effect can be expected if the refractivity 
no of the lens 80 is in the range of 1 .42 to 1 .53, the optical thickness d^ of MgFg of the first layer 81 is in the range of 

10 0.05>L. to 0.07>L, wherein the central wavelength is X (nm) (X~ 1510 nm for this embodiment), the refractivity ng of the 
second layer 82 is in the range of 1 .95 to 2.35, the optical thickness 6^ of the second layer 82 is in the range of 0.43?u 
to 0.46X and the optical thickness dg of MgF2 of the third layer 83 is in the range of 0.1 to 0A9X. For one specific 
example of the lens, Model No. S-FPL53 (refractivity of 1 .43 at a wavelength of 1530 nm) manufactured by Ohara Co., 
Ltd. or Model No. S-BAL53. (refractivity of 1 .52 at a wavelength of 1530 nm) manufactured by the same company may 

15 be used. 

[0093] In Table 8 is shown as one example the reflectance level of the antireflection coating when the thicknesses 
of the first layer 81 , second layer 82 and third layer 83 are changed in the case where the refractivity of the lens 80 is 
1 .50 (BK7), the first layer 81 and third layer 83 provided on the lens 80 are layers of MgF2 with refractivity of 1 .37, and 
the second layer 82 is a layer of Ti02 with refractivity of 2.20. 

20 



[Table 8] 



25 



30 



35 



40 



45 



no=1. 50(BK7) 
n2=2 . 20(TiO2) 
n^=n3-1 . 37(MgF2) 
:>L=1510nm 


^1 


0. 05 X 


0. 05 X. 


0.05 X 


0. 05 X 


0. 07 X 


0. 07 X 


0. 07 X 


0, 07 X 




0. 43 X 


0. 43 X 


0. 46 X 


0. 46 X 


0. 43 X 


0. 43 X 


0. 46 X 


0. 46 X 




0. 16 X. 


0,^9X 


0. 16 A, 


0. 19 X. 


0. lex 


0. 19 X 


0. 16 X 


0. 19X 


Refrectance(%) 


0.59 


0.45 


0.06 


0.15 


0.7 


0.61 


0.02 


0.21 


di 


0. 04 X 


0. 04 X 


0. 04 X 


0. 04 X, 


0. 08 X 


0. 08 X 


0. 08 X 


0. 08 X 


da 


0.43X 


0. 43 X 


0. 46 X 


0. 46 X 


0. 43 X 


0. 43 X 


0. 46 X 


0. 46 X 


da 


Q.iex 


0. 19 X 


0. 16 >L. 


0. 19 X, 


0. 16 X, 


d. 19 X 


0. 16 X 


0. 19 X 


Refrectance(%) 


0.54 


0.37 


0.09 


0,14 


0.75 


0.69 


0.01 


0.26 




0. 05 X 


0. 05 X 


0. 05 X 


0. 05 X 


0. 07 X 


0. 07 X 


0. 07 X 


0. 07 X 




0. 41 X 


0. 41 X 


0. 48 X. 


0. 48 X 


0. 41 X 


0. 41 X 


0. 48 X 


0. 48 X 


da 


0. 16 X 


0. 19 X 


0. 16 X 


0. 19 X 


0. 16 X 


0. 19 X 


0. 16 X 


0. 19 X 


Refrectance(%) 


1.65 


1.16 


0.46 


0.5 


1.87 


1.41 


0.35 


0.52 




0. 05 X 


0. 05 X 


0. 05 X 


0. 05 X 


0. 07 X 


0. 07 X 


0. 07 X 


0. 07 X 




0.A3X 


0. 43 X 


0. 46 X 


0. 46X 


0. 43 X 


0. 43 X 


0. 46X 


0. 46X 




0, 15 X 


0. 20 X 


0. 15 X 


0. 20 X 


0. 15 X 


0.20X 


0. 15 X 


0. 20X 


Refrectance(%) 


0.86 


0.62 


0.18 


0.33 


0.96 


0.81 


0.11 


0.43 



[0094] As shown in Table 8, it can be understood that when the thickness d^ of the first layer 81 is in the range of 
0.05X to 0.07X, the thickness d2 of the second layer 82 Is In the range of 0.43X to 0.46X, and the thickness 6^ of the 
third layer 83 is in the range of 0.16X to 0.19X, the reflectance level is equal to or lower than 0.8%, thus making it 
possible to obtain an excellent antireflection effect. Furthermore, a similar effect can be obtained as long as the refrac- 
tivity of the second layer 82 is in the range of 1 .95 to 2.35 even If it takes on a value other than 2.20. 
[0095] This also reflects the following concept. That is, the values of thicknesses d.,, d2 and 6^ giving a reflectance 
level of 0.8% or lower have certain ranges, and therefore if d^ Is set to 0.05X and d2 Is set to 0.445X and 6^ is set to 
0.1 75X as optimum values for production, for example, the resulting coating can provide a sufficient antireflection effect 
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10 



15 



20 



even if the thickness d-i suffers production based variations of +0.01 A,, the thickness d2 suffers production based var- 
iations of ±0.01 5A, and the thickness ds suffers production based variations of ±0.01 A,. 

[0096] When the coating is produced based on a conventional technique, the thicknesses d-, and 62 satisfying ap- 
propriate conditions as to the reflectance ieve! must be defined as a unique pair of optimum values giving the best 
reflectance level, and thus an anti reflection coating with layer thickness deviating from the defined values may be 
considered as a defective item even if the deviation from the optimum value is very small, resulting in a drop in yield 
during production. 

[0097] In this embodiment, however, conditions for thickness with respect to an optimum value of reflectance are 
defined as certain ranges of values, whereby the coating can be produced In anticipation of variations in thickness 
during production, resulting in enhanced yields during production. 

[0098] Furthermore, in this embodiment, the case where a wavelength of 1510 nm is applied has been described, 
but an anti reflection coating having same optical properties can be obtained with any vyavelength if optical thickness 
is increased or decreased in proportion to the wavelength with absorptivity and refractlvity kept unchanged. For TlOg 
and MgF2, absorptivity is kept at almost 0 through the visible region to the near infrared region, and the magnitude of 
dispersion of refractlvity by wavelengths is small, thus making it possible to obtain an antiref lection coating reflecting 
light through the visible region to the near infrared region only by changing thickness depending on wavelengths. 
[0099] In addition, TiOg is used as a coating material for the second layer 82 in this embodiment, but the second 
layer 82 may be formed using any of TlOg, TagOg, ZrOg and ZnS or a material constituted by a combination thereof, 
and in this case, an antireflection coating having a similar function can be obtained. 

(Embodiment 5) 



25 



30 



35 



[0100] Embodiment 5 in the present invention will be described with reference to the drawings. 
[0101] Figure 10 is a sectional view of an antireflection coating provided on the surface of a lens 100 corresponding 
to a substantially transparent substrate with refractlvity of ho of the present invention. The coating has a very simple 
structure, and the productivity is enhanced. 

[0102] BK7 (with refractlvity of 1 .50) is used as a base material for the lens 1 00, and Is provided thereon with a multi- 
layer coating constituted by a first layer 101, second layer 1 02, third layer 1 03 and a fourth layer 1 04 shown in Table 9. 

[Table 9] 



Constitution 


Materials 


Refractlvity 


Thickness(nm 


) Optical thickness(nm) 


Fourth layer 1 04 


Si02 


1.44 


265 


381 


Third layer 103 


TiOs 


2.20 


168 


370 


Second layer 1 02 


SIO2 


1.44 


69 


99 


First layer 101 


TiOg 


2.20 


71 


155 


Lens 100 


BK7 


1.50 







40 



45 



50 



55 



[0103] The method for forming the multi-layer coating of Table 9 is not described here because it is almost same as 
the method described in Embodiment 1 . 

[0104] Figure 11 shows dependency of reflectance on wavelengths when light is vertically let in, . with respect to the 
antireflection coating constituted by the first layer 101, second layer 102, third layer 103 and fourth layer 104 of Table 9. 
[0105] As shown in Figure 11 , the reflectance level is 0.1% or lower when the wavelength is in the range of from 
1330 to 1600 nm. This shows that the antireflection coating shown in Figure 10 has an excellent antireflection effect 
for a very wide range of wavelengths, in this way, because the antireflection effect is retained even if the thickness is 
more or less deviated from a predefined thickness, a margin of production is increased to provide an advantage in 
terms of costs. Even in the case of a lens having a large curvature, the antireflection effect can be obtained for the . 
entire lens, thus providing an advantage In terms of performance. 

[01 06] The antireflection coating of Embodiment 5 is highly reliable because Ti02 and Si02 having excellent chemical 
durability and mechanical strength are used as coating materials. Properties of samples made on an experimental 
basis were evaluated before and afterthey were subjected to heat shock tests at 80°C and -20°C and high temperature/ 
humidity tests at 85°C and 95% RH, and as a result, It has been found that neither appearances nor optical properties 
of coatings were changed. 

[0107] This is due to the fact that for the antireflection coating of the present invention, internal stresses generating 
in the coating can be neutralized using predetermined tried-and-true materials and predetermined thickness. Further- 
more, it is desirable that the substrate is heated during formation of the coating as in this embodiment from a viewpoint 
of reliability, but it is also possible to coat the substrate at a normal temperature, and coatings can be applied to lenses 
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made of plastic as well as various kinds of glass based lenses. 

[0108] As described above, the antiref lection coating of the Embodiment 5 is excellent in optical property and relia- 
bility, and has only a small number of layers with two types of materials resulting in inexpensiveness, and therefore if 
this coating is applied to optical components such as lenses, prisms, fibers and optical waveguides, very useful optical 
5 elements can be obtained. 

[0109] In addition, the process for forming a coating is not limited to a vacuum coating process, and for example, a 
spattering process may be used. 

[0110] As a result of more detailed considerations , in the present invention, it has been found that even for a structure 
other than the structure described in this embodiment, a similar antireflection effect can be expected if the refractivity 

10 Hq of the lens 1 00 as a substrate is in the range of 1 .42 to 1 .53, the refractivity n., of the first layer 1 01 is in the range 
of 1 .95 to 2.35, the optical thickness d^ of the first layer 101 is in the range of 0.08X, to 0.117i, wherein the central 
wavelength is X (nm) {X= 1510 nm for this embodiment), the optical thickness dg of SiOg the second layer 102 is in the 
range of 0.06X, to 0.07>^, the refractivity n3 of the third layer 1 03 is in the range of 1 .95 to 2.35, the optical thickness d3 
of the third layer 1 03 is in the range of 0.24A, to 0.26X,, and the optical thickness d^ of Si02 of the fourth layer 1 04 is in 

15 the range of 0.24X,to 0.26X,. For one specific example of the lens, Model No. S-FPL53 (refractivity of 1 .43 at a wavelength 
of 1530 nm) manufactured by Ohara Co., Ltd. or Model No. S-BAL53 (refractivity of 1 .52 at a wavelength of 1530 nm) 
manufactured by the same company may be used. 

[0111] In Table 10 is shown as one example the reflectance level of the antireflection coating when the thicknesses 
of the first layer 101 , second layer 1 02, third layer 103 and fourth layer 104 are changed in the case where the refractivity 
20 of the lens 100 is 1 .50 (BK7), the first layer 101 and third layer 103 provided on the lens 100 are layers of TiOg with 
refractivity of 2.20, and the second layer 1 02 and fourth layer 1 04 are layers of Si02 with refractivity of 2.20. 



[Table 1 0] 



40 



45 



50 



55 



no--1. 50(BK7) n2-n4=1 . 44(SI02) ' . , • 
n^=:n3=2. 20(TiO2) l=1510nm . . . .. 


dn 


0. 08 
X 


0. 08 
X 


0. 08 
X 


0. 08 X 


0. 08 X 


0. 08 A. 


0. 08 A. 


0. 08 A; 


0. 11 X 


0; 11 A, 




0. 06 

X 


0. 06 

X 


0. 06 

X 


0. 06 A. 


0. 07 X 


0. 07 A, 


0. 07 A, 


0. 07 A, 


0. 06 A, 


0. 06 A. 


da 


0. 24 

A. 


0. 24 

X 


0. 26 

A. 


0. 26 X 


0. 24 A. 


0. 24 X 


0. 26 X 


0. 26 A, 


0. 24 X 


0. 24 X 


d4 


0. 24 


0. 26 

X 


0. 24 

X 


0. 26 X 


0. 24 A, 


0.26 A, 


0. 24 A. 


0.26 A, 


0. 24 X 


0. 26 A. 


Refrectance 
(%) 


0.29 


0.61 


0.21 


0.59 


0.23 


0.33 


0.19 


0.33 


0.04 


0.17 


di 


0. 11 

X 


0. 11 

X 


0. 11 

X 


0. 11 X 


0. 11 A. 


0. 11 X 


0. 07 A, 


0. 07 A. 


0. 07 A, 


0. 07 A. 


dg 


0. 06 
X 


0. 06 
X 


0. 07 
X 


0. 07 X 


0. 07 A. 


0. 07 A, 


0. 06 A, 


0. 06 A- 


0. 06 X 


0. 06 X 


da 


0. 26 

X 


0. 26 

X 


0. 24 
X 


0. 24 A, 


0. 26 A, 


0.26 A, 


0. 24 A. 


0.24 A, 


0. 26 A, 


0. 26 A, 


d4 


0. 24 
X 


0. 26 
X 


0. 24 
X 


0. 26 X 


0. 24 X 


0. 26 X 


0. 24 X 


0. 26 A- 


0. 24 A, 


0. 26 A. 


Refrectance 
(%) 


0.09 


0.1 


0.23 


0.04 


0.33 


0.03 


0.62 


0.96 


0.5 


0.94 


di 


0. 07 
X 


0. 07 
X 


0. 07 
X 


0. 07 A, 


0. 12 A, 


0. 12 A, 


0. 12 A, 


0. 12 A, 


0. 12 A. 


0. 12 A. 


d2 


0. 07 
X 


0. 07 

X 


0. 07 
X 


0. 07 A, 


0. 06 A, 


0. 06 A, 


0. 06 A, 


0. 06 A. 


0. 07 A. 


0. 07 A. 


d3 


0. 24 

X 


0. 24 

X 


0. 26 

X 


0. 26 A. 


0. 24 A, 


0. 24 A. 


0. 26 A, 


0. 26 X 


0. 24 X 


0. 24 X 
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[Table 10] (continued) 



d4 


0, 24 
A- 


0. 26 
X 


0. 24 

X 


0. 26 A 


0. 24 X 


0. 26 A 


0. 24 A 


0. 26 A, 


0. 24 A 


0. 26 A 


Refrectance 
(%) 


0.5 


0.65 


0.42 


0.66 


0.2 


0.2 


0.29 


0.13 


0.51 


0,17 


di 


0. 12 

A. 


0. 12 

X 


0. 08 
X 


0. 08 A 


0. 08 A, 


0. 08 A, 


0. 08 A 


0. 08 A 


0. 08 X 


0. 08 A, 


da 


0. 07 

X 


0. 07 

X 


0. 05 

X 


0. 05 A 


0. 05 A 


0. 05 A, 


0. 08 A 


0. 08 A 


0. 08 A, 


0. 08 A 


da 


0. 26 
A, 


0. 26 
X 


0. 24 

A, 


0. 24 A 


0. 26 X 


0. 26 A, 


0. 24 A 


0. 24 A 


0. 26 A, 


0. 26 A. 


d4 


0. 24 
X 


0. 26 
X 


0; 24 
X 


0. 26 A, 


0. 24 A. 


0. 26 X 


0. 24 A 


0. 26 A 


0. 24 A 


0. 26 X 


Refrectance 
(%) 


0.66 


0.16 


0.53 


1.08 


0.4 


1.01 


0.32 


0.19 


0.32 


0.23 


^1 


0. 11 

X 


0. 11 

X 


. 0. 11 

■ X 


0. 11 A 


0. 11 A. 


0. 11 A. 


0. 11 A 


0. 11 X 


0. 08 A 


0. 08 A, 




0. 05 

X 


0. 05 

X 


0. 05 
>^ 


0. 05 A 


0. 08 A 


0. 08 A. 


0. 08 A 


0. 08 A 


0. 06 X 


0. 06 X 




0. 24 
X 


0. 24 

X 


0. 26 
X 


0. 26 A 


0. 24 A 


0. 24 A, 


0. 26 A, 


0. 26 A 


0. 23 A, 


0. 23 A, 


d4 


0. 24 

A. 


0. 26 
A 


0. 24 

X 


0. 26 A 


0. 24 A, 


0. 26 A. 


0. 24 A. 


0. 26 A 


0. 24 A 


0. 26 A, 


Refrectance 
(%) 


0.07 


0.5 X 


0.05 


0.38 


0.64 


0.13 


0.79 


0.18 


0.34 


0.64 


di 


0. 08 

X 


0. 08 

X 


0. 08 
X 


0. 08 X 


0. 08 A 


0. 08 A. 


0. 11 A, 


0. 11 A. 


0. 11 A 


0. 11 A. 




0, 06 

A 


0. 06 

X 


0. 07 

X 


0. 07 A 


0. 07 A 


O r\-7 1 


0. 06 X 


0. 06 A 


0. 06 A 


0. 06 A 


da 


0. 27 


0. 27 
A 


0. 23 
X 


0. 23 A 


0. 27 A 


0.27 A. 


0. 23 A, 


0. 23 A, 


0. 27 A 


0. 27 A. 


d4 


0. 24 
X 


0. 26 
X 


0. 24 
X 


0. 26 A 


0. 24 A 


0. 26 A, 


0. 24 X 


0. 26 A 


0. 24 A 


0. 26 A 


Refrectance 
(%) 


0.18 


0.56 


0.24 


0.33 


0.17 


0.32 


0.02 


0.21 


0.12 


0.07 


^1 


0. 11 
X 


0. 11 
X 


0. 11 
A, 


0. 11 X 


0. 08 A 


0. 08 A 


0. 08 A. 


0. 08 A 


0. 08 A 


0. 08 A 


d2 


0. 07 

X 


0. 07 
X 


0. 07 
X 


0. 07 A 


0. 06 A 


0. 06 A. 


0. 06 A, 


0. 06 A 


0. 07 A, 


0. 07 A. 


da 


0. 23 

A, 


0. 23 
X 


0. 27 
A, 


0. 27 A 


0. 24 A 


0.24 A, 


0. 26 A. 


0. 26 A 


0. 24 A. 


0. 24 A 


d4 


0; 24 

X 


0. 26 

X 


0. 24 

X 


0. 26 X 


0. 23 A 


0. 27 A. 


0. 23 A, 


0. 27 A 


0.23 A 


0. 27 A 


Refrectance 
(%) 


0.19 


0.06 


0.38 


0.03 


0.34 


1 


0.23 


0.97 


0.38 


0.59 




0. 08 

X 


0. 08 

X 


0. 11 

X 


0. 11 A 


0. 11 A 


0. 11 A 


0. 11 A 


0. 11 A 


0. 11 A 


0. 11 A 
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[Table 10] (continued) 



da 


0. 07 
X 


0. 07 
X 


0. 06 
X. 


0. 06 X 


0. 06 X 


0. 06 X 


0. 07 X 


0. 07 X 


0. 07 X 


0. 07 X 


da 


0. 26 

X 


0. 26 

A, 


0. 24 

A, 


0. 24 ?L 


0. 26 X 


0. 26 X 


0. 24 X 


0. 24 X 


0. 26 X 


0. 26 X 


d4 . 


0. 23 

;t 


0. 27 
X 


0. 23 


0. 27 X 


0. 23 X 


0. 27 X 


0. 23 X 


0. 27 A. 


0. 23 X 


0. 27 X. 


Refrectance 
(%) 


0.32 


0.6 


0.12 


0.37 


0.22 


0.25 


0.47 


0.09 


0.63 


0.03 



10 



15 



20 



25 



30 



35 



40 



[0112] As shown in Table 10, it can be understood that when the thickness d^ of the first layer 101 is in the range of 

0.08X. to 0.11 X, the thickness 6^^ of the second layer 1 02 is in the range of 0.06X to 0.07X, the thickness 6^ of the third 
layer 103 is In the range of 0.24Xto 0.26X, and the thickness d4 of the fourth layer 104 is in the range of 0.24Xto 0.26X, 
the reflectance level is equal to or lower than 0.7%, thus making it possible to obtain an excellent antireflection effect. 
Furthernnore, a similar effect can be obtained as long as the refractivities of the first layer 1 01 and third layer 1 03 are 
in the range of 1 .95 to 2.35 even If they take on values other than 2.20. 

[0113] This also reflects the following concept. That is, the values of thicknesses d.^, dg and 6^, giving a reflectance 
level of 0.7% or lower have.certain ranges, and therefore if d^ is set to 0.095A., dg is set to 0.065A., dg Is set to 0.25X- 
and d^ Is set to 0.25X. as optimum values for production, for example, the resulting coating can provide a sufficient 
antireflection effect even if the thickness d^ suffers production based variations of +0.015X, the thickness dg suffers 
production based variations of ±0.005X, the thickness ds suffers production based variations of ±0.001 X, and the thick- 
ness d4 suffers production based variations of iO.OOIX. 

[0114] When the coating is produced based on a conventional technique, the thicknesses d^ to d4 satisfying appro- 
priate conditions as to the reflectance level must be defined as a unique pair of optimum values giving the best reflect- 
ance level, and thus an antireflection coating with layerthtckness deviating from the defined values may be considered 
as a defective item even if the deviation from the optimum value is very small, resulting in a drop in yield during pro- 
duction. 

[0115] In this embodiment, however, conditions for thickness with respect to an optimum value of reflectance are 
defined as certain ranges of values, whereby the coating can be produced in anticipation of variations in thickness 
during production, resulting in enhanced yields during production. 

[0116] Furthermore, In this embodiment, the case where a wavelength of 151 0 nm is applied has been described, 
but an antireflection coating having same optica! properties can be obtained with^any wavelength if optical thickness 
is increased or decreased in proportion to the wavelength with absorptivity and refractivity kept unchanged. ForTi02 
and SiOg, absorptivity is kept at almost 0 through the visible region to the near infrared region, and the magnitude of 
dispersion of refractivity by wavelengths is small, thus making it possible to obtain an antireflection coating reflecting 
light through the visible region to the near infrared region only by changing thickness depending on wavelengths. 
[0117] In addition, TiOg is used as a material for odd-number layers 101 and 103 in this embodiment, but the odd- 
number layers 101 and 103 may be formed using any of Ti02, Ta205, Zr02 and ZnS or a material constituted by a 
combination thereof, and in this case, an antireflection coating having a similar function can be obtained. 



(Embodiment 6) 



45 



50 



[0118] Embodiment 6 In the present invention will be described with reference to the drawings. 
[0119] Figure 12 is a sectional view of an antireflection coating provided on the surface of a lens 120 corresponding 
to a substantially transparent substrate with refractivity of hg of the present invention. The, coating has a very simple 
structure, and the productivity is enhanced. 

[0120] BK7 (with refractivity of 1 .50) is used as a material for the lens 120, and is provided thereon with a multi-layer 
coating constituted by a first layer 121, second layer 122, third layer 123 and a fourth layer 124 shown in Table 11. 



55 



[Table 11] 



Constitution 


Materials 


Refractivity 


Thickness(nm) 


Optical thickness(nm) 


Fourth layer 124 


MgF2 


1,37 


282 


386 


Third layer 123 


TiOg 


2.20 


165 


363 
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[Table 11] (continued) 



Constitution 


IVlateriais 


Refractivity 


Thickness(nm) 


Optical thickness(nm) 


Second layer 122 


MgF2 


1.37 


56 


76 


First layer 121 


TIO2 


2.20 


86 


189 


Lens 1 20 


BK7 


1.50 







10 



15 



20 



25 



30 



35 



40 



45 



[0121] The method for forming the multi-layer coating of Table 11 Is not described here because It is almost same 

as the method described in Embodiment 1. 

[0122] Figure 13 shows dependency of reflectance on wavelengths when light is vertically let in, with respect to the 
anti reflection coating constituted by the first layer 1 21 , second layer 122, third layer 123 and fourth layer 124 of Table 11 . 
[0123] As shown in Figure 13, the reflectance level is 0.2% or lower when the wavelength is in the range of from 
1330 to 1590 nm. This shows that the antirefiection coating shown in Figure 12 has an excellent anti reflect! on effect 
for a very wide range of wavelengths. In this way, because the antirefiection effect is retained even if the thickness is 
more or less deviated from a predefined thickness, a margin of production is increased to provide an advantage in 
terms of costs. Even in the case of a lens having a large curvature, the antirefiection effect can be obtained for the 
entire lens, thus providing an advantage in terms of performance. 

[0124] The antirefiection coating of Embodiment 6 is highly reliable because Ti02 and MgF2 having excellent chemical 
durability and mechanical strength are used as coating materials. Properties of samples made on an experimental 
basis were evaluated before and after they were subjected to heat shock tests at 80°C and -20°C and high temperature/ 
humidity tests at 85°C and 95% RH, and as a result, it has been found that neither appearances nor optical properties 
of coatings were changed. 

[0125] This is due to the fact that for the antirefiection coating of the present invention, internal stresses generating 

In the coating can be neutralized using predetermined tried-and-true materials and predetermined thickness. Further- 
more, it is desirable that the substrate is heated during formation of the coating as in this embodiment from a viewpoint 
of reliability, but it is also possible to coat the substrate at a normal temperature, and coatings can be applied to lenses 
made of plastic as well as various kinds of glass based lenses. 

[0126] As described above, the antirefiection coating of the Embodiment 6 is excellent in optical property and relia- 
bility, and has only a small number of layers with two types of materials resulting in inexpensiveness, and therefore if 
this coating is applied to optical components such as lenses, prisms, fibers and optical waveguides, very useful optical 
elements can be obtained. 

[0127] In addition, the process for forming a coating is not limited to a vacuum coating process, and for example, a 

spattering process may be used. y 

[0128] As a result of more detailed considerations , in the present invention, it has been found that even for a structure 
other than the structure described in this embodiment, a similar antirefiection effect can be expected if the refractivity 
no of the lens 120 as a substrate is in the range of 1 .42 to 1 .53, the refractivity n^ of the first layer 121 Is in the range 
of 1 .95 to 2.35, the optical thickness d-j of the first layer 121 is in the range of 0.11 X. to 0.1 3X, wherein the central 
wavelength is X (nm) (A-= 1510 nm for this embodiment), the optical thickness dg of MgFg of the second layer 122 is in 
the range of 0.04Xto 0.07X, the refractivity n 3 of the third layer 123 is In the range of 1 .95 to 2.35, the optical thickness 
d3 of the third layer 1 23 is in the range of 0.23X to 0.25A,, and the optical thickness 6^ of Mg F2 of the fourth layer 1 24 
is in the range of 0.25X to 0.271. For one specific example of the lens, Model No. S-FPL53 (refractivity of 1.43 at a 
wavelength of 1530 nm) manufactured by Ohara Co. , Ltd. or Model No. S-BAL53 (refractivity of 1 .52 at a wavelength 
of 1530 nm) manufactured by the same company may be used. 

[0129] In Table 12 is shown as one example the reflectance level of the antirefiection coating when the thicknesses 
of the first layer 1 21 , second layer 1 22, third layer 1 23 and fourth layer 1 24 are changed in the case where the refractivity 
of the lens 120 is 1 .50 (BK7), the first layer 121 and third layer 123 provided on the lens 120 are layers of TiOg with 
refractivity of 2.20, and the second layer 122 and fourth layer 124 are layers of MgF2 with refractivity of 1 .37. 



50 



[Table 12] 



no=1 .50(BK7) n2=n4=1 . 37(MgF2) 
n.,=n3=2. 20{TiO2) X=1510nm 




0. 11 
X 


0. 11 
X 


0. 11 
X 


0. 11 X 


0. 11 X 


0. 11 X 


0. 11 X 


0. 11 X 


o.^^x 


- 0. 13 X 


d2 


0. 05 
X 


0. 05 
X 


0. 05 
X 


0. 05 X 


0. 06 X. 


0. 06 X 


0. 06 X 


0. 06 X 


0. 05 X 


0. 05 X 
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[Table 12] (continued) 



da 


0. 23 


0. 23 
X 


0. 25 
X 


0. 25 X 


0. 23 X 


0. 23 X 


0. 25 X 


0, 25 X 


0. 23 X 


0. 23 X 


d4 


0. 25 


. 0. 27 

X 


0. 25 

X 


0. 27 X 


0. 25 X 


0. 27 X 


0. 25 X 


0. 27 X 


0. 25 X 


0. 27 X 


Refrectance 
(%) 


0.32 


0.8 


0.2 


0.6 


0.12 


0.31 


0.15 


0.25 


0.02 


0.31 


di 


0. 13 

X 


0. 13 

X 


0. 13 

X 


0. 13 X 


0. 13 X 


0. 13 X 


0. 10 X 


0. 10 X 


0. 10 X 


0. 10X 




0. 05 


0. 05 


0. 06 
X 


0. 06 A, 


0. 06 X 


0. 06 X 


0. 05 X 


0. 05 X 


0. 05 X 


0. 05 X 


da 


0. 25 

X 


0. 25 

X 


0. 23 

X 


0. 23 X 


0. 25 X 


0. 25 X 


0. 23 X 


0. 23 X 


0. 25 X 


0. 25 X 


d4 


0. 25 

X 


0. 27 

X 


0. 25 


0. 27 X 


0. 25 X 


0. 27 X 


0. 25 X 


0.27 X 


0. 25 X 


.0. 27X 


Refrectance 
(%) 


0 


0.12 


0.08 


0.02 


0.22 


0.01 


0.63 


1.17 


0.48 


0.98 


di 


0. 10 

A. 


0. 10 


0. 10 

X 


o.^ox 


0. 14X 


0. 14X 


0. 14X 


0. 14X 


0. 14 X 


0. 14 X 


^2 -, : . 


0. 06 
X 


0. 06 
X 


0. 06 
X 


0. 06 X 


0. 05 X 


0. 05 X 


0; 05 X 


0. 05 X 


0. 06 X 


0. 06 X 


da 


0. 23 

X 


0. 23 

X 


0.25 X 


0. 25 X 


0. 23 X 


0. 23 X 


0. 25 X 


0. 25 X 


0. 23 X 


0. 23 X 


d4 


0. 25 


0. 27 


0. 25 
X 


0. 27 X 


0. 25 X 


0. 27X 


0. 25 X 


0. 27 X 


0. 25 X 


0. 27X 


Refrectance 
(%) 


. 0.34 


0.62 


0.33 


0.56 


0.04 


0.2 


0.09 


0.04 


0.25 


0.04 


di 


0. 14 
X 


0. 14 
X 


0. 11 
X 


0. 11 X 


0. 11 X 


0. 11 X 


0. It X 


0, 11 X 


0. 11 X 


0. 11 X 


d2 


0. 06 

X 


0. 06 

X 


0. 04 

X 


0. 04 X 


0. 04 X 


0. 04 X 


0. 07 X 


0. 07 X 


0. 07 X 


0. 07 X 


da 


0. 25 

A 


0. 25 


0. 23 
X 


0. 23 X 


0. 25 X 


0. 25 X 


0. 23 X 


0. 23 X 


0. 25 X 


0. 25 X 


d4 


0. 25 

X 


0. 27 
X 


0. 25 


0. 27 X 


0. 25X 


0. 27 X 


0. 25 X 


0.27X 


0. 25 X 


0. 27 X 


Refrectance 
{%) 


0.47 


0.08 


0.82 


1.58 


0.57 


1.25 


0.23 


0.13 


0.41 


0.22 


di 


0. 13 

X 


0. 13 

X 


0. 13 

X 


0. 13 X 


0. 13 X 


0. 13X 


0. 13 X 


0. 13 X 


0. 11 X 


0. 11 X 


da 


0. 04 


0. 04 


0. 04 
X 


0. 04 X 


0. 07 X 


0. 07 X 


0. 07 X 


0. 07 X 


0. 05 X 


0. 05 X 


da 


0. 23 

X 


0. 23 

X 


0. 25 
X 


0. 25X 


0. 23 X 


0. 23 X 


0. 25 X 


0. 25 X 


0. 22 X 


0. 22 X 


d4 


0. 25 

X 


0. 27 

X. 


0. 25 
X 


0. 27 X 


0. 25 X 


0. 27 X 


0. 25 X 


0. 27 X 


0. 25 X 


0. 27 X 


Refrectance 
(%) 


0.33 


0.95 


0.14 


0.6 


0.48 


0.09 


0.8 


0.27 


0.39 


0.91 
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[Table 12] (continued) 







0. 11 

X 


0. 11 
X 


0. 11 
X 


0. 11 X 


0. 11 X 


0. 11 X 


0. 13 A, 


0. 13 A. 


0. 13 X 


0. 13 A, 


5 


d2 


0. 05 


0. 05 


0. 06 

X 


0. 


06 X 


0. 06 X 


0. 06 A, 


0. 05 A, 


0. 05 A, 


0. 05 X 


0. 05 A, 




d3 


0. 26 
X 


0. 26 
X 


0. 22 


0. 


22 X 


0. 26 X 


0. 26 A, 


0. 22 X 


0. 22 A- 


0. 26 A. 


0. 26 A, 


10 


d4 . 


0. 25 

X 


0. 27 


0. 25 

X 


0. 


21 X 


0. 25 A, 


0. 27 A, 


0. 25 A, 


0. 27 A, 


0. 25 A, 


0. 27 A, 




Refrectance 
. (%) 


0.16 


0.51 


0.13 


0.36 


0,18 


0.24 


0.07 


0.43 


0.02 


0.06 


15 


di 


0. 13 

X 


0. 13 

X 


0. 13 

X 


0. 


13X 


0. 11 X 


0. 11 A. 


0. 11 A. 


0. 11 A, 


0. 11 A. 


0. 11 X 






0. 06 

X 


0. 06 

X 


0. 06 
X 


0. 


06 X 


0. 05 X 


0. 05 A. 


0. 05 A, 


0. 05 A. 


0. 06 A. 


0. 06 A. 


20 


d3 


0. 22 

X 


0. 22 


0.26 X 


0. 


26 X 


0. 23 X 


0, 23 A, 


0. 25 X 


0. 25 X 


0. 23 X 


0. 23 X 




d4 


0. 25 


0. 27 

X 


0. 25 


0. 


27 X 


0. 24 X 


0. 28 X 


0. 24 A, 


0. 28 A. 


0. 24 A, 


0.28 A. 


25 


Refrectance 
(%) 


0.03 


0.06 


0.33 


0.05 


0.24 


1.18 


0.15 


0.94 


0.18 


0.55 




di 


0. 11 

X 


0. 11 

X 


0. 13 

X 


0. 


^ZX 


0. 13 X 


0. 13 A. 


0. 13 A. 


0. 13 A. 


0. 13 X 


0. 13 A. 


30 


d2 


0. 06 

A- 


0. 06 
X 


0. 05 
X 


0. 


osx 


0. 05 X 


0. 05 A. 


0. 06 A. 


0. 06 A, 


0. 06 X 


0. 06 A, 




d3 


0. 25 

X 


0. 25 

X 


0. 23 


0. 


23 A, 


0. 25 A, 


0. 25 A, 


0. 23 A. 


0. 23 A, 


0, 25 A, 


0. 25 A, 


35 


CI4 


0. 24 


r\ 00 


0. 24 
X 


0. 


£_U A. 


0. 24 X 


0, 28 A, 


0. 24 /\ 


0. 28 X 


0. 24 .\ 


0. 28 X 




Refrectance 
(%) 


0.25 


0.45 


0 


0.56 


0.06 


0.3 


0.22 


0.11 


0.45 


0.03 



40 [0130] As shown in Table 12, it can be understood that when thethickness d-j of the first layer 121 is in the range of 
0.11 A, to 0.1 3A., the thickness d2 of the second layer 122 is in the range of 0.05A, to 0.06A,, the thickness 6^ of the third 
layer 1 23 Is In the range of 0.23A to 0,25A, and the thickness d4 of the fourth layer 1 24 is in the range of 0.25>- to 0.27A., 
the reflectance level is equal to or lower than 0.9%, thus nnaking it possible to obtain an excellent antireflection effect. 
Furthernnore, a similar effect can be obtained as long as the refractivities of the first layer 121 and third layer 123 are 

45 in the range of 1 .95 to 2.35 even if they take on values other than 2.20. 

[0131] This also reflects the following concept. That is, the values of thicknesses d^, 62^, and d^ giving a reflectance 
level of 0.9% or lower have certain ranges, and therefore if d-^ is set to 0.1 2A,, 62 is set to 0.055A., dg is set to 0.24A and 
d4 is set to 0.26A. as optimum values for production, for example, the resulting coating can provide a sufficient antire- 
flection effect even if the thickness di suffers production based variations of ±0.01 A,, thethickness 62 suffers production 

50 based variations of +0.005A,, the thickness dg suffers production based variations of ±0.01 X, and the thickness d^ 
suffers production based variations of ±0.01 A. 

[0132] When the coating is produced based on a conventional technique, the thicknesses d^ to d^ satisfying appro- 
priate conditions as to the reflectance level must be defined as a unique pair of optimum values giving the best reflect- 
ance level, and thus an antireflection coating with layer thickness deviating from the defined values may be considered 
55 as a defective item even if the deviation from the optimum value is very small, resulting in a drop in yield during pro- 
duction. 

[0133] In this embodiment, however, conditions for thickness with respect to an optimum value of reflectance are 
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defined as certain ranges of values, whereby the coating can be produced in anticipation of variations in thickness 
during production, resulting in enhanced yields during production. 

[0134] Furthermore, in this embodiment, the case where a wavelength of 1510 nm is applied has been described, 
but an antireflection coating having same optical properties can be obtained with any wavelength if optical thickness 

5 is Increased or decreased in proportion to the wavelength with absorptivity and refractivity kept unchanged. ForTi02 
and MgFg, absorptivity is kept at almost 0 through the visible region to the near infrared region, and the magnitude of 
dispersion of refractivity by wavelengths is small, thus making it possible to obtain an antireflection coating reflecting 
iight through the visible region to the near infrared region only by changing thickness depending on wavelengths. 
[0135] In addition, TiOg is used as a material for odd-number layers 121 and 123 in this embodiment, but the odd- 

10 number layers 121 and 123 may be formed using any of TlOg, TagOg, ZrOg and ZnS or a material constituted by a 
combination thereof, and in this case, an antireflection coating having a similar function can be obtained. 
[0136] As described above, for the antireflection coatings of the embodiments of the present invention, coating ma- 
terials capable of being used on a practical basis are used to provide two to four layers, the refractivity level of 1% or 
lower is achieved at predetermined wavelengths, and conditions of thickness are defined in anticipation of production 

15 based variations, thus facilitating production and enhancing yields. 

[0137] In addition, an optical element comprising such an antireflection coating is highly efficient, highly reliable and 
inexpensive, and thus is very useful. 

[0138] Furthermore, in addition to the antireflection coating of the present invention, the optical element comprising 
a substantially transparent substrate with refractivity of nQ corresponding to the antireflection coating also belongs to 
20 the present invention. Here, substrates include a lens, a prism, fibers and an optical waveguide. 

[0139] As apparent from the above description, the present invention can provide an antireflection coating with a 
reflectance level of 1% or lower or 0.5% or lower, and an optical element comprising the antireflection coating while 
enhancing yields In anticipation of production based variations. 

25 

Claims 



1 . An antireflection coating comprising at least a first layer constituted by a coating with refractivity of n., and optical 
thickness of d^ which is provided on a substantially transparent substrate with refractivity of no, and a second layer 

30 constituted by a Si02 coating with optical thickness of dg which is provided on the first layer, 

wherein said no, n^, d^ and dg satisfy the following conditions: 
1.42<no<1 .53, 

1.95<ni<2.35, 0.40X<di<0.44X., and 

0.40?i<d2<0.44>., / 
35 wherein the central wavelength of light to be prevented from being reflected/is X. 

2. An antireflection coating comprising at least a first layer constituted by a coating with refractivity of n^ and optical 
thickness of d^ which is provided on a substantially transparent substrate with refractivity of no, and a second layer 
constituted by a MgFg coating with optical thickness of dg which is provided on the first layer, 

40 wherein said no, n^, d^ and dg satisfy the following conditions: 

1.42<no<1.53, 

1.95<ni<2.35, 0.42X,<di<0.46A., and 

0.17X,<d2<0.19X, 

wherein the central wavelength of light to be prevented from being reflected is X. 

45 

3. An antireflection coating comprising at least a first layer constituted by a SiOg coating with optical thickness of d.| 
which is provided on a substantially transparent substrate with refractivity of ng, a second layer constituted by a 
coating with refractivity of n2 and optical thickness of d2 which is provided on the first layer, and a third layer 
constituted by a SiOg coating with optical thickness of 6^ which is provided on the second layer, 

50 wherein said no, d.^, ng, d2 and dg satisfy the following conditions: 

1.42<no<1.53, 
0.06A,<d^<0.07A., 

1 .95<n2<2.35, 0.41 X<d2<0.45A„ and 
0.16A.<d3<0.18?L, 

55 wherein the central wavelength of light to be prevented from being reflected is X. 

4. An antireflection coating comprising at least a first layer constituted by a MgF2 coating with optical thickness of di 
which is provided on a substantially transparent substrate with refractivity of n^, a second layer constitutedby a 
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coating with refractivity of n2 and optical thickness of 62 which is provided on the first layer, and a third layer 
constituted by a MgF2 coating with optical thickness of 6^ which is provided on the second layer, 

wherein said no, d^, n2, dg and 6^ satisfy the following conditions: 

1.42<no<1.53, 

0.05X<di<0.07A., 

1 .95<n2<2.35, 0.43X.<d2<0.46X, and 
0.16X<d3<0.19X, 

wherein the central wavelength of light to be prevented from being reflected is X. 

An antiref lection coating comprising at least a first layer constituted by a coating with refractivity of n^ and optical 
thickness of d^ which is provided on a substantially transparent substrate with refractivity of nQ, a second layer 
constituted by a SiOg coating with optical thickness of d2 which is provided on the first layer, third layer constituted 
by a coating with refractivity of and optical thickness of which is provided on the second layer, and a fourth 
layer constituted by a Si02 coating with optical thickness of d4 which is provided on the third layer, 

wherein said no, n^ , d^ , d2, n^, dg and 6^^ satisfy the following conditions; 

1.42<no<1.53, 

1.95<n-,<2.35, 0.08:^<di<0.1U, 
0.06X.<d2<0.07>., 

1 .95<n3<2.35, 0.24A^d3<0.26X-, and 
0.24A.<d4<0.26X, 

wherein the central wavelength of light to be prevented from being reflected \sX. 

An a nti reflect ion coating comprising at least a first layer constituted by a coating with refractivity of n., and optical 
thickness of which is provided on a substantially transparent substrate with refractivity of nQ, a second layer 
constituted by a MgF2 coating with optical thickness of d2 which is provided on the first layer, third layer constituted 
by a coating with refractivity of and optical thickness of which is provided on the second layen and a fourth 
layer constituted by a MgF2 coating with optical thickness of 6^, which is provided on the third layer, 

wherein said no, n^, d^, dg, n3, d3 and d^ satisfy the following conditions: 

1.42<no<1.53, 

1.95<n-^<2.35, 0.11^<d^<0.13X., 

0.05X,<d2<0.06A,, 

1.95<n3<2.35, 0.23?L<d3<0.25A-, and 
0.25A.<d4<0.27?L, ^ 

wherein the central wavelength of light to be prevented from being reflected is X, 

The antireflection coating according to any of claims 1 , 3 and 5, wherein the layers other than those constituted 
by Si02 coatings are constituted by any of Ti02, Ta205, Zr02 and ZnS or combinations thereof. 

The antireflection coating according to any of claims 2, 4 and 6, wherein the layers other than those constituted 
by MgF2 coatings are constituted by any of TiOg, TagOg, ZrOg and ZnS or combinations thereof. 

An optical element comprising the antireflection coating according to any of claims 1 to 8 and said substantially 
transparent substrate with refractivity of no corresponding to the antireflection coating. 
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Fig. 5 
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Fig. 7 
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Fig. 11 
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Fig. 13 
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